Most of us have used fluorescence microscopy and are all too familiar with the advantages and disadvantages of this tool: easy identification of one or more labels that fluoresce at different wavelengths (color) against the relatively dark background of the biologic substrate, but we can't always get the spatial resolution that is needed to answer our questions. Electron microscopy, both transmission and scanning modes, offer much better spatial resolution, but present problems in localizing a label, particularly on the surface of a cell. Wouldn't it be great if an imaging technique were available that gave us the possibility of localizing one or more labels on the surface of a cell with resolution approaching electron microscopy. Karen Hedberg, Bruce Birrel, Douglas Habliston, and Hayes Griffith at the University of Oregon 1 describe photoelectron imaging as the electron optical analogue of fluorescence microscopy, offering some of the advantages of both methods.
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The photoelectron microscope relies on the photoelectric effect to create an image. In brief, the photoelectic effect describes the release of electrons from near the surface of a specimen caused by an exciting light, from an ultraviolet (LJV) source in this example. The depth of the surface that participates in this phenomenon approximates the thickness of a plasma membrane, so the photoelectron microscope is ideal for visualizing this organelle. The electrons that leave the surface are of very low energy (< 1 eV), so the specimen must be examined in a vacuum. This is the unfortunate part, since this requires fixation of the specimen, either by chemical or cryo methods, imposing some of the same limitations as electron microscopy.
But the good news is that an image can be restricted to the surface and one or more labels can be made to stand out clearly on a dark background, with much better resolution than with light optical methods. How does this work? The rate of emission of electrons (the emission current) varies with the nature of the material and the wavelength of the exciting light. Generally, at shorter wavelengths the emission currents of a cell surface and a silver-enhanced colloidal gold label tend to converge, meaning that the amount of electrons from the cell and the label are nearly the same and cannot be distinguished from one another. Happily, at longer wavelengths, the emission currents from these two materials differ rather widely, the result being that the gold labels light Li p against the darker cell surface. The micrographs published by Hedberg et al. resemble those taken with a scanning electron microscope, except that particles on the surface are much more visible.
The exciting light source can be manipulated, either with filters or a tunable UV laser. With different labels having different emission currents, more than one label could be employed. 
